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Abstract

Background. Pneumonia is an acute infectious disease in which the respiratory sections of the lungs are affected with
obligatory interalveolar exudation and infiltration of the parenchyma in response to the introduction of microorganisms. It is
known that pneumonia is a clinical and radiological diagnosis. Chest CT scans are emerging as a useful tool in the
diagnostic process of viral pneumonia cases associated with COVID-19. The CT manifestation of this viral pneumonia is
non-specific but it has characteristic features based on which experienced radiologists can diagnose the disease. Findings
are similar to other viral pneumonias but the localization of the signs is rather typical.

Aim: to present the main radiological findings of various types of pneumonia and COVID-19 pneumonia.

Methods. Generalized analysis of diagnosis of various types of pneumonia by the radiological method.

Results. The study shows the main radiological signs of pneumonia, including Covid-19. A description scheme of chest
radiography and an algorithm for diagnosing the main types of pneumonia were also shown.

Conclusion.This article presents criteria for determining the severity of the condition of patients with coronavirus
infection in accordance with radiological changes in the lung tissue.
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AKTyanbHOCTb. [THEBMOHMS - OCTPOE MHGEKLMOHHOE 3aboneBaHne, NPy KOTOPOM MopaxaroTes AblxaTenbHble OTAEMb
nerknx ¢ 0Bs3aTenbHON MeXanbBEONsApHON dKCCydauueil U WHUNbTpauuen napeHxumbl B OTBET Ha BHELPEHue
MWUKPOOPraHn3MoB. VI3BECTHO, YTO MHEBMOHWS - 3TO KMWHMYECKWA W PEHTrEHOMNOrMYeckun AuarHo3. KommbroTepHas
TOMOrpadus rpyaHON KMETKW CTAHOBWUTCA MOME3HbIM MHCTPYMEHTOM B MpoLecce [MarHOCTUKW ChyvyaeB BUPYCHOM
NHeBMOHMK, cBsA3aHHbIX ¢ COVID-19. KT-nposiBneHne aTon BUPYCHOM NHEBMOHWUW HecneunduyHo, HO UMeeT XapaKTepHble
MpM3HaKW, Ha OCHOBAHWUW KOTOPbIX OMbITHbIE PEHTTEHOMOM MOrYT AMArHOCTMPOBaTh 3abonesaHue. Pe3ynbTaThl NOXOXM Ha
ApYrvie BUPYCHbIE MHEBMOHMUM, HO NIOKaNM3aLms NpU3HaKoB AOBOSIBHO TUMMYHA.

Llenb: npegcTaBuTb OCHOBHbIE PEHTTEHOMOMMYECKUE NPU3HAKM Pa3nMYHbIX TUMOB MHEBMOHUM U NHEBMOHMM COVID-19.

MeToabl. O600LUEHHBIN aHANKU3 AUMArHOCTMKI Pa3NUYHbIX BUGOB MHEBMOHUM PEHTTEHONOMMYECKUM METOLOM.

PesynbTatbl. B uccnenoBaHuu nokasaHbl OCHOBHbIE PEHTTEHONOrMYeckue NpuUsHaki NHEBMOHMM, Bkmoyas Covid-19.
Takcke Oblna nokasaHa Cxema OMUCAHWS PEHTTEHOTpaciMv rPyAHOA KNETKU W anropuT™M AWarHOCTWKM OCHOBHbIX BWZOB
MHEBMOHMMU.

3aknioyeHne. B paHHOW cTaTbe MpeACTaBnEHbl KPUTEPUW ONPEdENeHNs TSHKECTM COCTOSHWS NauMeHTOB C
KOPOHaBMPYCHON WHEKLMEN B COOTBETCTBUN C PEHTTEHONOTMYECKAMM U3MEHEHUSAMU B NIETOYHOM TKaHM.

Knroyeenie crnoea: nHE8MOHUS, KOMhblomepHas momozpaghus 2pyOHoOU Knemku, peHmaeHoepagusi 2pyOHoU Krnemku,
peHmaeHonozuyeckue daHHsble.
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©3ekTiniri. [HeBMOHWA - xefen MHMEKUMANbIK aypy, OHOA MUKPOOPraHU3MAEPZiH, eHrisinyiHe ayan peTiHae
OKMNeHiH, ThiHbicany GeniMaepi MiHAETTI Typae anbBeonApsbl IKCCYAALUMAMEH XaHEe NapeHXNMaHblH MHUIbTPaLMSChIMEH
acepetefi. [THEBMOHNS KNUHWKATbIK XOHE PEHTTEHOMOTUANbIK AMarHo3 ekeHi Genrini. Keyae KybICbIHbIH KOMMbIOTEPITIK
Tomorpadgmsicel COVID-19-meH 6aitnaHbiCTbl BUPYCTLIK MHEBMOHUS XaFdainapbiH Anardoctukanay npoueciHae nampan
Kypanfa aitHanagbl. KT - Byn BUpYCTbIK MHEBMOHMSIHBIH KOpiHiCi epekwe emec, bipak ToH benrinepi 6ap, COHbIH, HerisiHae
Toxipubeni peHTreHornorTap aypygbl aHbikTaih anagbl. HeTwkenep 0acka BMPYCTbIK MHEBMOHUSiFa yKcac, Oipak

BenrinepaiH nokanu3auuscbl ©Te ToH.
Makcatbl: NMHEBMOHUSIMEH
MBNIMETTEPIH YCbIHY.

COVID-19  nNHEBMOHMACBIHBIH ~ opTYypni

TYPNEpiHiH,  Heriari  peHTreHoNorUsnbIK

OgicTepi. PeHTreHONOrMANbIK icneH NHEBMOHWSIHBIH, SPTYPNi TYpRepiH AnarHoctukanayabl xxannbinaxFaH Tanajay.
Hotmxenepi. 3epTTey NHEBMOHWSIHBIH, HEri3ri peHTreHonormsAnblkK Genrinepid, coHblH, iwinae Covid-19 kepcetegi.
CoHpai-ak, Kkeyfe KybICblHbIH, PEHTreHOrpadnsICbiH  cunaTTay CXemacbl XSHe MHEBMOHUSHbIH, HErisri  TypnepiH

AnarHocTukanay anroputMi kepceTtingi.

KopbITbIHAbI. ByNn Makanaga exkneTiHiHAEr PEHTreHONOMMANbIK e3repicTepre CONKEC KOPOHABUPYCTbIK MHGEKLMSCH
0ap nauneHTTEPIH XaFaaiblHbIH, aybIpiblFbIH aHbIKTaY KpUTEpUiAnepi bepinreH.

TyliHdi ce3dep: nNHEBMOHUS,
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Introduction

According to official statistics, respiratory diseases are
the most common conditions among children and
adolescents in Kazakhstan [1]. The worldwide prevalence
also remains at a fairly high level [4]. Diagnostic imaging
plays a significant role in both the diagnosis and treatment
of complications of pneumonia in adults and children.

Pneumonia is an acute infectious disease in which the
respiratory sections of the lungs are affected with obligatory
interalveolar exudation and infiltration of the parenchyma in
response to the introduction of microorganisms.

According to the etiology, pneumonia is divided into
bacterial, viral, and fungal. According to the Kazakh
protocol for the diagnosis and treatment of pneumonia in
adults (2013), the clinical classification is based on the
development of the disease and the patient's immunological
status [3]. The pneumonia protocol (2020) has been
expanded with data on Covid-19 pneumonia [2].

It is known that pneumonia is a clinical and radiological
diagnosis. X-Ray diagnostics is the most widely used
approach, but its value is limited in mild forms of disease,
as well as for prediction of clinical outcomes, and for
differential  diagnostics between viral and bacterial
infections. Other methods such as CT and MRI are more
informative, but their value in an uncomplicated disease is
questionable. Limitation of the CT is related to the
irradiation dose.

Radiological methods should confirm the diagnosis, fix
the prevalence of the process, and identify complications
and concomitant processes (bronchiectasis, tumors,
previous lung diseases). Here we review the role of
radiology in the diagnosis of pneumonia.

Aim: to present the main radiological findings of various
types of pneumonia and COVID-19 pneumonia.

Methods. The analysis of the main radiological signs of
pneumonia was carried out. Based on the analysis, an
algorithm for diagnosing different types of pneumonia and a
scheme for describing radiological images was formed. The
Radiological Semiotics of pneumonia COVID-19 is
presented.

Inclusion criteria; clinical and radiological signs of
various types of pneumonia and COVID-19 pneumonia.

Exclusion criteria: radiological signs of other lung
diseases.

Key queries included: pneumonia, chest X-ray, lung CT,
COVID-19 pneumonia.

Results

Radiologists use systematic approach to the description
of Chest Radiography.For the successful conclusion of any
study in radiology, knowledge of the norm and a systematic
approach are necessary. In order not to miss important
information in the picture, a description should be carried
out according to the same scheme (table 1, figure 1).
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Table 1.
Scheme of Chest X-ray description.
Stages Description
1. Identification Checking the compliance of the patient information (name, date of birth and date of
imaging), make sure that the image of the patient
2. Imagequality «Soft ”/ Hard ”, correct patient installation, right / left side are indicated on the X-ray
3. Description Explore the following structures:
Trachea and anterior neck
Pulmonary fields
Sign of contour loss
Mediastinum and heart
Interlobar fissures
Lung roots
Aperture and the area below it
Bones and soft tissue
Artifacts
Opacity and Lucency Syndromes
4. Conclusion
The algorithm for the radiological conclusion of the main types of pneumonia is presented in the figure 1.
Chest X-ray in PA and lateral view
/ Patchyairspaceopacification
! ~.
Atypicalpneumonia Bacterialpneumonia Viralpneumonia
Y y y
2 | [Septal thickening and interstitial Airspaceopacification, increased Interstitial opacification with
% opacification. pulmonary pattern, decreased peribronchial infiltration in the middle
o ||X-ray signs are more extensive transparency. and lower lobes, the pulmonary
>%< than clinical manifestations. A one-way process (often). pattern has a cellular character.
Bilateral process (often). A bilateral process.
Complications: atelectasis Complications: pleurisy (5%);
lymphadenopathy (10%). Complications: pleurisy and
lymphadenopathy are not typical
Reittner P. at all.2000 [5];
Miyashita N. at all 200,5 26] Miller W.T. at all. 2011 [7];
Herbst T. at all. 2013 [8]

v y

| Chest CT |

Figure 1. Algorithm of the main types of pneumonia.
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Figure 2. The main types of pneumonias.

8


https://www.ncbi.nlm.nih.gov/pubmed/?term=Miyashita%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19400968

Hayka u 3nxpaBooxpanenue, 2022, 4 (T.24)

AKTYAJIBHAS TEMA - COVID-19

The most common way to examine the thorax is by
radiography in the direct (PA) and lateral view. Special
views are used for detailed study of localization of changes
and observation of diaphragm excursion. Figure 2 shows
the main types of pneumonias depending on the extent of
the pathological process

Radiological Semiotics of pneumonia COVID-19. The
diagnostics of COVID-19 includes epidemiological history,
clinical picture, results of radiation and laboratory tests.

Chest x-ray. Chest x-ray (CXR) is performed in the
posterior-anterior and lateral view. When conducting CXR,
the main radiological manifestations of viral pneumonia
(including COVID-19) are: interstitial changes with
peribronchial infiltration, numerous seals of "ground glass

¢) 75% pathological changes in the lungs.

opacity" with a rounded shape and various lengths
(usually subpleural peripheral or basal location); infiltrative
opacities. The bilateral lesion is more often. The volume of
damages of lung segments correlates with the severity of
the disease.

Not typical for COVID-19 manifestations of CXR is:
unilateral “ground glass opacity” of central and basal
localization, pleural effusion, lymphadenopathy, segmental
atelectasis, signs such as mild foci of the "ground glass
opacity effect” and foci such as nodules may correspond to
another disease. Figures 3 (a, b, ¢) show CXR of COVID-19
pneumonia in patients with various degrees of severity of
pneumonia.

d) Nd péthological changes in the lungs

Figure 3. Various degrees of severity of COVID-19 pneumonia (CXR).

Computed tomography of the Chest (CT) is
performed using the standard Chest CT protocol. Typical
radiological signs of viral pneumonia (including COVID-19)
include:

- Numerous opacification “ground glass opacity” (GGO),
mainly rounded, of various lengths;

- localization of peripheral, multilobar;

- the lesion is often bilateral (unilateral lesion is not
often).

If there are clinical symptoms and one of the following
radiological signs, says to additional signs:

- single or multiple foci of the type of GGO, thickening of
the blood vessels of the lungs, a possible thickening of the
interlobular septum ("crazy-paving" sign);
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- airbronchography;

- the number of visible lung injuries exceeds two and is
progressive;

- perilobular seals;

Radiological signs on Chest CT that are not typical for
COVID-19:

- GGO of the central localization;

- single solid nodules;

- the presence of cavitation;

- pleural effusion;

- lymphadenopathy

- focal dissemination;

-symptom "tree in the kidneys";

- pneumosclerosis / pneumofibrosis;

- one-way localization.

When pneumonia COVID-19 has common symptoms
with other viral, eosinophilic pneumonias, then during the

visualization process, it is difficult to identify. In this case, an
epidemiological history, clinical symptoms and laboratory
tests are needed, which can help in identification.
Compared with acute respiratory viral infections and Bird
Flu, in patients with pneumonia COVID-19, the disease will
progress relatively slowly in the absence of other infections
and complications. The disease mainly progresses within 7-
10 days with an increase in the density of lesions compared
to previous images and consolidated lesions with a
symptom of air bronchogram. In critical cases, a further
increase in compaction may be observed, with an even
greater opaque decrease in the transparency of the lung
tissue, which is sometimes described as a “white lung".
Figure 4 presents Chest CT in patients with COVID-19
pneumonia.

Figure 4. Typical Chest CT signs in patients with coronavirus infection [11].

4.1,4.2 - Ground glass opacity;

4.3 - Nodules and focal exudation;

4.4, 4.5 - Consolidation;

4.6 - Diffuse consolidation “white lung”.

Typical CT signs for each of the stages are shown in
table 2. Assessment of severity is carried out by a
cumulative assessment of the severity of general clinical
data, X-ray picture, and laboratory tests.

Table 2.
COVID-19 pneumonia course.
Progress Stages CT signs

0-4 days early No signs, minimal changes in the type of ground glass opacity in the lower and subpleural
regions

5-8 days progression | Sealing long (the beginning of consolidation) Symptom of ground glass opacity, "quilt", reticular
changes, in both lower lobes, the long axis of the lesion is mainly parallel to the pleura

8-14 days | late Symptom of frosted glass diffuse arrangement, symptom of air bronchography, reticular
changes, multiple consolidation ("white lung")

>14 days | Resolution Partial or full resolution
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The severity of CT correlates with the severity of the
disease, so it seems rational to estimate the pathological
involvement of the lungs. The essence of the method is to
calculate the percentage involvement in the pathological
process of each of the five lobes of the lung. The degree of
involvement in the pathological process is expressed as a
percentage: CT1-25%; CT2-50%; CT3-75%; CT4->75%.

Radiological signs of pneumonia may be absent in 18%
of patients with a mild course of the disease and in 3% with
a moderate/severe course.

Differential diagnosis

Viral pneumonia caused by COVID-19 does not have
specific pathognomonic CT signs. Therefore, differential
diagnosis (medical history, clinical, laboratory data) must be
carried out with other types of pneumonia: other viral
infections (influenza A and B viruses, parainfluenza viruses,
adenovirus, respiratory syncytial virus, cytomegalovirus,
SARS or MERS, efc.); non-infectious lung lesions:
organized and eosinophilic pneumonia.

High sensitivity (67-100%) and relatively low specificity
(25-80%) was reported [9,10] for the CT scans. In such
cases, it is necessary to combine all the clinical symptoms,
data on the patient's contact history, laboratory and
Radiological studies.

Conclusion

This article presents criteria for determining the severity
of the condition of patients with coronavirus infection in
accordance with radiological changes in the lung tissue.

Authors' Contributions: All authors were equally involved in
the research and writing of this article.

Conflict of Interest: The authors declare that they have no
conflict of interest.

Funding: There is no financial support and sponsorship.

Publication Information: The results of this study have not
been previously published in other journals and are not pending
review by other publishers

Jlumepamypa:

1. Kynmanosa H.K., [oHobaesa b.K., Mondakynosa
M. 3pgopoBbe  MOAPOCTKOB M MOMOOEXM  Kak
obLyecTBEHHast LieHHOCTb KasaxcTaHa. AHanuTUyeckui
OTYET 0 nonoxeHun cembu B Kasaxctane. Anmarbl, 2009. —
48 c.

2. Bropon atan (NPOLOSKEHHLIN)  MEAMLMHCKON
peabunuTauuy, «BHebonbHUYHAs NHEBMOHWS, B TOM YnCne
COVID-19 - nHeBmoHus»  (B3pocnble), 2020 .
http://surl.lilbzzob (Jata obpaLienuns: 10.09.2020.)

3. TlHeBMOHMs y B3pocnbix, 2013 r. http://surl.lilbzzoe
(Oata obpauenus: 10.07.2022.)

Coresponding Author:

4. Walker C.L., Rudan 1., Liu L., Nair H., Theodoratou
E., Bhutta ZA. et al. Global burden of childhood
pneumonia and diarrhea // Lancet. 2013;381(9875):1405-
16. [PMC free article] [PubMed] [Google Scholar]

5. Reittner P., Miiller N.L., Heyneman L. et al.
Mycoplasma pneumoniaepneumonia: radiographic and
high-resolution CT features in 28 patients // AJR Am J
Roentgenol. 2000. 174 (n): 37-41.
doi:10.2214/ajr.174.1.1740037

6. Miyashita N., Sugiu T., Kawai Y. et al. Radiographic
features of Mycoplasma pneumoniae  pneumonia;
differential diagnosis and performance timing // BMC Med
Imaging 2009. 9 (1): 7. BMC Med Imaging (full text) -
doi:10.1186/1471-2342-9-7

7. Miller W.T., Mickus T.J., Barbosa E. et al. CT of
viral lower respiratory tract infections in adults: comparison
among viral organisms and between viral and bacterial
infections // AJR Am J Roentgenol. 2011. 197 (5): 1088-95.
doi:10.2214/AJR.11.6501

8. Herbst T., Van Deerlin V.M., Miller W.T. The CT
appearance of lower respiratory infection due to
parainfluenza virus in adults / AJR Am J Roentgenol.
2013;201 (3): 550-4. doi:10.2214/AJR.12.9613

9. Kovacs A., Palasti P., Vereb D., Bozsik B. et al. The
sensitivity and specificity of chest CT in the diagnosis of
COVID-19 /I Eur Radiol. 2021. 31(5): 2819-2824.
doi:10.1007/s00330-020-07347-x

10. Wu J., Wu X, Zeng W. et al. Chest CT findings in
patients with coronavirus disease 2019 and its relationship
with clinical features // Invest Radiol. 2020. 55(5):257-261.

References: [1-3]

1. Kulmanova N.K., Donobaeva B.K., Moldakulova
G.M.  Zdorov'e podrostkov i  molodezhi  kak
obshchestvennaya tsennost' Kazakhstana. Analiticheskii
otchet o polozhenii sem'i v Kazakhstane [Health of
adolescents and youth as a public value of
Kazakhstan.Analytical report on the situation of the family in
Kazakhstan]. Almaty, 2009. — 48 p. [in Russian]

2. Vtoroi etap (prodolzhennyi) meditsinskoi reabilitatsii,
«Vnebol'nichnaya pnevmoniya, v tom chisle COVID-19 -
pnevmoniya» (vzroslye), 2020 ¢. [The second stage
(continued) of medical rehabilitation, "Community-acquired
pneumonia, including COVID-19 - pneumonia" (adults)],
2020 http://surl.lilbzzob (Accessed: 10.09.2020)

3. Pnevmoniya u vzroslykh, 2013 g. [Pneumonia in
adults], 2013 g. http://surl.liibzzoe (Accessed: 10.07.2022)

Madiyeva Madina - PhD, MD, ass. Professor, Head of the Department of Radiology, NCJSC «Semey Medical University»,

Semey city, Republic of Kazakhstan.

Mailing Address: 071412, Republic of Kazakhstan, Semey city, Karmenovast. 61-3.

E-mail: m.madiyeva@mail.ru; madina.madiyeva@nao-mus.kz

Phone: 87085244745


http://surl.li/bzzob
http://surl.li/bzzoe
http://dx.doi.org/10.2214/ajr.174.1.1740037
http://www.biomedcentral.com/1471-2342/9/7
http://dx.doi.org/10.1186/1471-2342-9-7
http://dx.doi.org/10.2214/AJR.11.6501
http://dx.doi.org/10.2214/AJR.12.9613
https://pubmed.ncbi.nlm.nih.gov/?term=Kov%C3%A1cs%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Pal%C3%A1sti%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ver%C3%A9b%20D%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Bozsik%20B%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7553375/
https://doi.org/10.1007%2Fs00330-020-07347-x
mailto:madina.madiyeva@nao-mus.kz

